The work reported herein is the result of a search for the identity of the 4,4'-diisothiocyano-2,2'-disulphonic stilbene-binding protein (DIDS-BP) of the cell membrane of non-erythroid cells. This search originated from the observation that DIDS could modify the binding of a monoclonal antibody (M/27) which recognises a membrane protein associated with glucose transport (Gingrich et al., 1981a, b; Banyard et al., 1982) which may be the Bramwell-Harris glycoprotein specific for tumorigenic cells (Bramwell & Harris, 1978) . Thus it is important to know if, and how, the DIDSbinding protein is related to the glucose transport protein and the 105 Mr Bramwell-Harris glycoprotein.
In addition to these empirical reasons for wishing to know more about the DIDS-binding proteins of non-erythroid cells, there is reason to think that the removal of lactate and the buffering of intracellular protons by HCOQ transported from extracellular fluid ought to assume particular importance in malignant cells. The maintenance of intracellular pH depends, essentially, on three pathways: (i) the Na+/H+ (amiloride-sensitive) exchanger, (ii) the inorganic anion transporter and (iii) the organic anion transporter (Pace & Travin, 1983) . It might be expected that anion-transport would be rapid in malignant cells because the high rate of glycolysis, which is characteristic of malignant cells, will result in the production of large amounts of lactic acid (Vaupel et al., 1981) . If a drop of intracellular pH is to be avoided, exchange of Cl-/HCOQ, Na+/H+ and the efflux of lactate must be rapid (Roos & Boron, 1981) . In addition anion transport may be an important modulator of cell growth and Received 26 July 1984; accepted 6 September 1984.
proliferation. It has recently been shown (L'Allemain et al., 1984) that if the HCOQ is removed from the growth medium of Chinese hamster lung fibroblasts then blockade of the Na+/H+ exchanger with amiloride prevents serumstimulated initiation of growth. Since DIDS specifically inhibits the flux of inorganic anions at micromolar concentration (Cabantchik & Rothstein, 1974; Deuticke et al., 1982) and at higher concentrations can also block lactate transport (Jennings & Adams-Lackey, 1982) it was chosen as the most appropriate probe to investigate the structure and regulation of the anion transporter of normal and malignant cells. This paper describes the preparation of a monoclonal antibody (E8) against DIDS and describes the application of this antibody to study the amount and heterogeneity of expression of the DIDS-binding proteins of normal and tumorigenic human cells. This information is used to compare and contrast the DIDS-binding protein with the M/27 antigen.
Materials and methods
Cell culture Cells were maintained in Dulbecco's Modified Eagle Medium (Gibco, No. 430-2100) in an incubator maintained at 5% (v/v) CO2 in air at 37°C. The medium was supplemented with either 10% (v/v) foetal calf serum (FCS) or 5% foetal calf serum and 5% (v/v) newborn calf serum (NCS) together with 1 mM L-glutamine, 20 mM sodium pyruvate, 50 Iu ml -1 penicillin G, 50 Iu ml -1 streptomycin sulphate and 80 Iu ml-1 neomycin sulphate. The cultures were checked at regular intervals for mycoplasma by the method of Chen (1977 (Kohler & Milstein, 1975 Characterization of the monoclonal antibody The specificity of the E8 monoclonal antibody was determined by comparing the binding of E8 to four different proteins to which DIDS had or had not been conjugated. DIDS was mixed at 100:1 molar ratio (DIDS:protein) to samples of ovalbumin, bovine serum albumin, human gamma globulin and carbonic anhydrase as described in materials and methods. Another monoclonal antibody, JCS-2, was used as a negative control. JCS-2 is an IgG2a monoclonal anti-glycophorin (unpublished results). In all cases the binding of E8 to the unconjugated proteins was similar to the binding of the negative control and significantly lower than the binding of E8 to the DIDS-conjugated proteins (Figure 1) . Hence, within the scope of the comparison E8 is specific for DIDS. The epitope or immunodominant region of DIDS is unknown but E8 is not absorbed by any of a panel of sulphated compounds including chondroitin 4-sulphate, heparin, fucoidon and carrageenan.
The E8 monoclonal antibody was shown to be of the IgGl isotype by double diffusion against monospecific commercial antisera (data not shown). The kinetics of binding of DIDS for the cell membrane The rate of binding of DIDS to HeLa cells followed biphasic kinetics, a rapid initial phase, which was completed in 5-10 min, was followed by a phase with a slower rate which did not reach saturation during the 60 min of the time-course studied. A separate experiment of the kinetics of the 0-10 min period conflrmed the rapid initial binding of DIDS (unpublished observations). The biphasic rate of binding observed in these experiments is very similar to the binding of H2 DIDS to the erythrocyte membrane at 20°C (Lepke et al., 1976, Figure 3) .
A measure of the affinity of binding of DIDS for its receptor was examined in HEp-2 cells (a human laryngeal carcinoma cell line). A concentrationdependent saturation was reached at 50-100 M with half-saturation at 16 M (Figure 2 ). These experiments measure only the rapid phase of binding since the reaction was terminated at 10min. The value of 16yM is intermediate between the Ki of DIDS for the inorganic anion transporter of the human erythrocyte, (Cabantchik & Rothstein, 1974; Lepke et al., 1976) (Stanbridge et al., 1982) . No difference was found in the number of DIDS-binding sites between the tumorigenic variants (SE and 39E) and those in which tumorigenicity had been suppressed (5L and ESH) and (Figure 3 ). A comparison of the expression of the DIDS-binding protein and the M/27 determinant Previous experiments with M/27 monoclonal antibody have demonstrated the antigen to be expressed heterogeneously; a small proportion of the cell population is labelled much more heavily than the bulk of the population (Gingrich et al., 1981b; Banyard & White, 1984) . The cells heavily labelled with M/27 monoclonal antibody have two features in common, they are in S-phase of the cell cycle (Gingrich et al., 1981b) and they transport glucose more rapidly than the cell population as a whole (Banyard & White, 1984) . Because the binding of DIDS to the cell-surface increases the number of M/27 binding sites it was suggested that the DIDS-binding protein and the M/27 antigen must either be the same, or be clearly associated in the cell membrane (Banyard et al., 1982) . But (Gingrich et al., 1981b; Banyard & White, 1984) . The absolute number depends, of course, on the arbitrary point of cut-off which was, in this instance, taken as the point of divergence between the E8 and the M/27 profile ( Figure 4) . The value of 20% in the skewed tail was determined by subtracting the percent of (Table I) . (Cabantchik & Rothstein, 1974; Lepke et al., 1976) (Jennings & Adams-Lackey, 1982) whereas the inorganic anion transporter has a relative molecular mass of 9.5 x 104 (Cabantchik & Rothstein, 1974 (Fossel & Solomon, 1983) 
